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1: 10 Na2O, 10 CaO, 80 SiO2
2: 20 Na2O, 80 SiO2
3: 16 Na2O, 10 CaO, 74 SiO2
4: 20 Na2O, 10 CaO, 70 SiO2
5: 26 Na2O, 74 SiO2
6: 26 Na2O, 10 CaO, 64 SiO2
7: 33 Na2O, 67 SiO2
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1: 16 K2O, 10 CaO, 74 SiO2
2: 16 Na2O, 10 MgO, 74 SiO2
3: 20 Na2O, 80 SiO2
4: 16 Na2O, 10 CaO, 74 SiO2
5: 20 Na2O, 10 CaO, 70 SiO2
6: 16 Li2O, 10 CaO, 74 SiO2
7: 20 Na2O, 20 CaO, 60 SiO2
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1: 10 Na2O, 10 CaO, 15 Al2O 3, 65 SiO2
2: 16 Na2O, 10 CaO, 15 Al2O 3, 59 SiO2
3: 16 Na2O, 10 CaO, 20 Al2O 3, 54 SiO2
4: 10 Na2O, 10 CaO, 5 Al2O 3, 75 SiO2
5: 16 Na2O, 10 CaO, 10 Al2O 3, 64 SiO2
6: 16 Na2O, 10 CaO, 5 Al2O 3, 69 SiO2
7: 16 Na2O, 10 CaO, 74 SiO2
  
   	 	      
	 &   #/ 0 
 +   - *+.,
 	
   	
	
 $"
→ B     2   * %   ,& 
,&   % 
8 ;22 · 
" 92 · #1 (22     ,&  
% 
8 ;22 · 
" 2 · #1 (22
   % +  ;22  <223   6 
= 4$  ,  :,   +  <223 
2   F <223    
4 %K     
 ,&  % %  
8 %K ;22 9 + 
" %K
;22 +  ,   + 








*  ! 	   / 02& · 1/ 	&2
7 = 8
  8 )*+, ,%%%    % " ;22 ·
'" (22  

""   
$4" F 6,&F  +  % 6 % <


""    6  *" %     *$8" %  :    ,
+  :   τ S  % < 6 % :+ 4  " % + +
6 6  ,:  6   *" %  % &
+  6 %   :   6  *$8" %  2&  6
 *$8" %  :,   6 % -4"D1"" %/ & F &  6
- = 8/  :,   6 %   ,%%%   
$4" 
<   & :    , 6   6 %   %
 *6 , , : ,  36%& 
%3    *6 , +   :& 
6 :   N8!O  , 6    =
8$ , 





























  			 

   	 #1 223 ·
.1 32 

  1#0 	4 32    11 5  ! τ 6 # 	/ #! τ 6 0 	/
%! τ 6  1 	/ 7! τ 6 #1 	/ 0! τ 6 01 	/ +! τ 6  11 	/ '! τ 6 #11 	/
.! τ 6 711 	
+ "4 %K (22   %6  

""    6 %  4 % ,
 +  ,%%%     % + &  6&,
%F , $ +    , 
  ,    , 
663% :& +   6 , -, 1  1:/ :&  
 ) > -%   /  %   , 1 
1:  +  , 1F +    % + , $  6 
+ , : : % , 1  1: -

"" /   6  +
, : : %  6  
$4"   6     τ−1/2  =
81 <   : :,   & ,:  F  6 
%  6  *$8" % -

"" /   *
 % -
$4" /  66  τ−1/2
 6 %   " %   %F 6,& & F  
:   6  *" % -

"" /   66  τ−1/2  F
 6   % & +  τ−1/2  36  
 	
























  			 

   	 #1 223 ·
.1 32 

  1#0 	4 32   %01 5  ! τ 6 # 	/ #! τ 6 0 	/
%! τ 6  1 	/ 7! τ 6 #1 	/ 0! τ 6 01 	/ +! τ 6  11 	/ '! τ 6 #11 	/
.! τ 6 711 	
   :& 
7 = 84 )*+,*,%%%   % " ;22 · '" (22  + 
 %6   6 %  4 % <  %6   ,
6  & ,:    .  %6   :%
%  % 6 < !""   
""" F   66   *
, 6     6   6  % , 6 
% 7 F  66  + 6  :,   %6
 % !""   
4"    6 % -  %  
4"   D" %
 

"" /  :, : :,  & : 6 :&   , 
  N#"O
 	
























  			 

   	 #1 223 ·
.1 32 

  1#0 	4 32    11 5 
 τ 6 0 	    

  	     # 5 % 6     #/
 7 
 ! 

















1350°C, EP = -221 mV
1100°C, EP = -360 m V
1100°C, EP = -220 mV
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-360 mV at 5 ms 
-360 mV at 10 ms 
-220 mV at 5 ms
-220 mV at 10 ms
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15 Na2O, 85 SiO2
20 Na2O, 80 SiO2
26 Na2O, 74 SiO2
33 Na2O, 67 SiO2
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10 Na2O, 10 CaO, 80 SiO2
16 Na2O, 10 CaO, 74 SiO2
20 Na2O, 10 CaO, 70 SiO2
26 Na2O, 10 CaO, 64 SiO2
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16 Li2O, 10 CaO, 74 SiO2
16 Na2O, 10 CaO, 74 SiO2
16 K2O, 10 CaO, 74 SiO2
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20 Na2O, 80 SiO2
20 Na2O, 10 CaO, 70 SiO2
20 Na2O, 20 CaO, 60 SiO2
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15 Na2O, 85 SiO2
16 Na2O, 10 CaO, 74 SiO2
16 Na2O, 10 MgO, 74 SiO2
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16 Na2O, 10 CaO, 20 Al2O 3, 54 SiO2 
16 Na2O, 10 CaO, 15 Al2O 3, 59 SiO2
16 Na2O, 10 CaO, 10 Al2O 3, 64 SiO2
16 Na2O, 10 CaO, 5 Al2O 3, 69 SiO 2
16 Na2O, 10 CaO, 74 SiO2
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10 Na2O, 10 CaO, 80 SiO2
10 Na2O, 10 CaO, 5 Al2O 3, 75 SiO2
10 Na2O, 10 CaO, 15 Al2O 3, 65 SiO2
10 Na2O, 10 CaO, 25 Al2O 3, 55 SiO2
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R2O  in mol%













16 Li2O, 10 CaO, 74 SiO2
x Na2O, 10 CaO, (90-x) Si2
16 K2O, 10 CaO, 74 SiO2
x Li2O, (100-x) SiO2 
x Na2O, (100-x) SiO2
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16 Na2O, 10 MgO, 74 SiO2
15 Na2O, 85 SiO 2
16 Na2O, 10 CaO, 74 SiO2
20 Na2O, x CaO, (80-x) Si2
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Al2O 3 in mol%













0 10 Na2O, 10 CaO, x Al2O 3, (80-x) SiO2
16 Na2O, 10 CaO, x Al2O 3, (74-x) SiO2
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5 6 7 8
16 Na2O, 10 CaO, 15 Al2O 3, 59 SiO2
16 Na2O, 10 CaO, 74 SiO2 
16 Na2O, 10 CaO, 5 Al2O 3, 69 SiO2
16 Na2O, 10 CaO, 20 Al2O 3, 54 SiO2
16 Na2O, 10 CaO, 10 Al2O 3, 64 SiO2
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Temp. in °C




















5 6 7 8
10 Na2O, 10 CaO, 15 Al2O 3, 65 SiO2
10 Na2O, 10 CaO, 80 SiO2
10 Na2O, 10 CaO, 5 Al2O 3, 75 SiO2
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log η(η in dPas)


















20 Na2O, 80 SiO2
26 Na2O, 74 SiO2
33 Na2O, 67 SiO2
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log η(η in dPas)






















16 Na2O, 10 CaO, 74 SiO2
20 Na2O, 10 CaO, 70 SiO2 
26 Na2O, 10 CaO, 64 SiO2
  







log η(η in dPas)
























16 Na2O, 10 CaO, 74 SiO2
16 K2O, 10 CaO, 74 SiO2
16 Na2O, 10 MgO, 74 SiO2
16 Li2O, 10 CaO, 74 SiO2
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log η(η in dPas)



















20 Na2O, 80 SiO2
20 Na2O, 10 CaO, 70 SiO2
20 Na2O, 20 CaO, 60 SiO2
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log η(η in dPas)





















16 Na2O, 10 CaO, 15 Al2O 3, 59 SiO2
16 Na2O, 10 CaO, 20 Al2O 3, 54 SiO2
16 Na2O, 10 CaO, 10 Al2O 3, 64 SiO2
16 Na2O, 10 CaO, 5 Al2O 3, 69 SiO2
16 Na2O, 10 CaO, 74 SiO2
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log η(η in dPas)




















10 Na2O, 10 CaO, 15 Al2O 3, 65 SiO2
10 Na2O, 10 CaO, 5 Al2O 3, 75 SiO2
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x Na2O, 10 CaO, (90-x) SiO2 (a)
x Na2O, (100-x) SiO2 (b)
value for a)  and b), 
a)  not visible
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Na2O in mol%



























x Na2O, 10 CaO, (90-x) SiO2
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Na2O  in mol%
























x Na2O, 10 CaO, (90-x) SiO2
x Na2O, (100-x) SiO2
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Na2O  in mol%



























x Na2O, 10 CaO, (90-x) SiO2 (a)
x Na2O, (100-x) SiO2 (a)
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Al2O 3 in mol%
























16 Na2O, 10 CaO, x Al2O 3, (74-x) SiO2
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Al2O 3 in mol%
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16 Na2O, 10 CaO, x Al2O 3, (74-x) SiO2
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  R2O in mol%



















x Na2O,  (100-x) SiO2
16 K2O, 10 CaO, 74 SiO2
x Na2O, 10 CaO,  (90-x) SiO2 (a)
x Li2O, (100-x) SiO2
16 Li2O, 10 CaO, 74 SiO2 (b)
value for a) and b),
a) not visible

  R2O in mol%



















16 Li2O, 10 CaO, 74 SiO2
x Na2O, 10 CaO,  (90-x) SiO2




     
     %11 5      " 
  	 &   	  0 223 · .0 32/ %% 223 · +' 32 
  
  
" 	 A *'1, 
 A *'/ +., 
6 8	 	  	 	 
 	
) *$ +  
<   = !
-/  * % %     6   (
4+
F
:   ,& %   (
2+
 6 G+,F  2     
 %F  3    :+  3    ;22
	      % !4  !#$ K  
$"" Y  
8""  
  % 6 U+,  %	   % 8$1  #4K -
   2    3 ):%   :+/ 7 
:   :&     ,   % :  
 N4F 'F !1O  6 >F       
3   & ,F  & : 6   F 
  6&, %  N$"F !4O   - = !
-:/ N#F 'O 7 +
  =
3+
: 6      +  %
 	
     !$
6 N=24O
−
   %6 %& :&   U
%6 :& 
2+
  , : 6: < %   3 
% :    =24      %:  < 





3  N#F 'F 
1O




 & ,  * 
= =
3+
F +,F   : :,     %&   
6  + %>  %6   %  :    (
4+

 ,&   % + :    6	
=F   :  % 9: 66&  (
4+
 6
   - 6 '/ =F ,  , 
 (
4+




F !8F !#O     %:   6 &   
6 N!'O  N!!O  %   %   : 3& 
)  6,   &  (
4+
: 6  

(F    % :  3  & %6 2(23
+  S BF ; N
""O
F ,   %6  N(26/2O
2−
 :&   %
:    ,  , :,  (
4+
   6 (22
    &    ;,F (
2+
  
: 6  :& *  N!F $
F !$O
7 %%&F  6  (
4+
    & : :, 





-/   :    :  (
4+
  & 
,   ) → ;→ B   +  :   N$"F !'O






     !1
RO in mol%



















20 Na2O, x CaO,  (80-x) SiO2 (a)
15 Na2O, 85 SiO2 (b)
16 Na2O, 10 CaO, 74 SiO2
16 Na2O, 10 MgO, 74 SiO2
value for a) and b),
a) not visible

RO  in m ol%



















20 Na2O, x CaO,  (80-x) SiO2 (a)
15 Na2O, 85 SiO2 (b)
16 Na2O, 10 CaO, 74 SiO2
15 Na2O, 10 MgO, 74 SiO2
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Al2O 3 in mol%



















16 Na2O, 10 CaO, x Al2O 3, (74-x) SiO2
10 Na2O, 10 CaO, x Al2O 3, (80-x) SiO2

Al2O 3 in mol%



















16 Na2O, 10 CaO, x Al2O 3, (74-x) SiO2
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x Na2O, (100-x) SiO2
x Na2O, 10 CaO, (90-x) SiO2
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x Na2O, 10 MgO, (90-x) SiO2
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16 R2O, 10 CaO, 74 SiO2






















16 R2O, 10 CaO, 74 SiO2
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20 Na2O, x CaO, (80 - x) SiO2
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